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Abstract

The code development and application program for the Langley Aerothermodynamic
Upwind Relaxation Algorithm (LAURA), with emphasis directed toward support of the
Acroassist Flight Experiment (AFE) in the near term and Aceroassisted Space Transfer Vehicle
(ASTV) design in the long term is reviewed. LAURA is an upwind-biased, point-im plicit
relaxation algorithm for obtaining the numerical solution to the governing equations for three-
dimensional, viscous, hypersonic flows in chemical and thermal nonequilibrium. The algorithm
is derived using a finite-volume formulation in which the inviscid components of flux across
cell walls are described with Roe’s averaging and Harten's entropy fix with second-order correc-
tions based on Yee’s Symmetric Total Variation Diminishing scheme. Because of the point-
implicit relaxation strategy, the algorithm remains stable at large Courant numbers without the
necessity of solving large, block tri-diagonal systems. A single relaxation step depends only on
information from nearest neighbors. Predictions for pressure distributions, surface heating, and
aerodynamic coefficients compare well with experimental data for Mach 10 flow over an AFE
wind tunnel model. Predictions for the hypersonic flow of air in chemical and thermal none-
quilibrium (velocity = 8917 m/s, altitude = 78 km.) over the full scale AFE configuration
obtained on a multi-domain grid are discussed.

PRECEDING PAGE DLARKK ROT FILMED 485



spur) painponasun Buisn uonels)) snouolyouhsy ‘|s|lesed 104 peUNg Ajjeap|
spu painjonis ‘Aljigeded urewoq-HniA
UBIQOJB[ 8SIeAu| 8ze8l4 ‘uolexeley nondw) julod
paidnon Ajbuong Ansiwey) puy SOIUBYDISN PiNi4
siopwi| gALS ‘Buibeisay seoy ‘@wnjoA 8liuld
SOIHINNN Il

/982 d1 VSVN Ul psjuswnsog
(jlopoy @imesadwa]-om]) wnugiinbsuoN [ewusyl
(S|opOW Onauly [edlwey) g ‘seeds | 1) wnuglinbauoN [BoIWBYD
(1ehe Alepunog jusingin]) Jeulwe]
Apeaisun 1O Apesls
suonenbg sayolg-isiAeN JoAeq-ulyl IO S8Y0IS- J8IABN
SJOISAHd I

(WHLIHODTV NOILYXV13H aNIMdN
DINVNAGOWHIHLOHIAV AITONVT) VHNVT WVHOOHd

S3A1LNIaVdVvYO NOLLVINNIS

486



§§§ i
....Qs\\ o T 7 \\\\5
n.....“w\\\\\w\\mm“@“\\““@ésss\

s g ) Ml
il 7 ol .

Wy Wy /
Uy

X

s\\\\x\\\\\\s
".:s\ ‘

it
iy,

\..\\~\§!!§§E\.$.
et

40
JINNAS
4 AHL
1 aNIM 34V HO JYNOLLY LNdINGS
13AOW T3NNN JHAS NO dIH5
ov

anv 3

INVd

487



488

4 ‘H o
9 A VeV o A .
—8l
H 4 juswadxg ,UD‘&
Jdoz
d, A VHNVT
juswnadxg

S=0 0l yoew
34V HO4 NOILNgIHLSId DNILVIH ANV FHNSS3Hd



U4 'H
H

oﬁ vHNY 11— s .
g
weswuadx3y o BoU _

3

d, A vHAY - — —
Juswuadxy [

0 =0 0oL yoew
34V HO4 NOILNAGIHLSIAd DNILVYIH ANV IHNSSIHI

489



(sixe ou) puH piepuelg — — ——
(sixe) puo pIepuels - -----
(sixe) puo auif

191 'H o s Ho uswuedx3 o
ao quawiadxy O
0G- =D 0L yoew
34V HO4 NolLNgidisia ONILV3IH ANV IHNSS3Hd

490



DETAIL OF AXIS AND NO AXIS GRIDS
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